Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 634 823 A1 



EUROPEAN PATENT APPLICATION 





Application number: 94201948.0 


© int. CI. 6 : H01S 3/25, H01S 3/19, 






H01L 21/363 


Date of filing: 06.07.94 




© 


Priority: 12.07.93 BE 9300717 


Inventor: van der Poel, Carolus Johannes 






c/o Int. Octrooibureau B.V., 


© 


Date of publication of application: 


Prof. Holstlaan 6 




18.01.95 Bulletin 95/03 


NL-5656 AA Eindhoven (NL) 


© 




Inventor: Horikx, Jeroen Jan Lambertus 


Designated Contracting States: 


c/o Int. Octrooibureau B.V., 




DE FR GB NL 


Prof. Holstlaan 6 


© 


Applicant: PHILIPS ELECTRONICS N.V. 


NL-5656 AA Eindhoven (NL) 




Groenewoudseweg 1 






NL-5621 BA Eindhoven (NL) 


© Representative: Smeets, Eugenius Theodorus 




© 


Inventor: Valster, Adriaan 


J. M. 


c/o Int. Octrooibureau B.V., 


INTERNATIONAAL OCTROOIBUREAU B.V., 




Prof. Holstlaan 6 


Prof. Holstlaan 6 




NL-5656 AA Eindhoven (NL) 


NL-5656 AA Eindhoven (NL) 



© Semiconductor laser array with reduced crosstalk and method of making the same. 
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© An array of semiconductor diode lasers (11, 12) is a very suitable radiation source for various applications 
such as optical read and write systems and laser printers. Such an array comprises a semiconductor body (10) 
with a substrate (1) and a layer structure provided thereon in which at least two lasers (11, 12) are formed which 
are mutually separated by a groove (20). In the known array, the groove (20) reaches down into the substrate 
(1), so that the lasers (1 1 , 12) are electrically separated from one another. 

According to the invention, the array of lasers (11, 12) is provided with a groove (20) which is situated within 
the substrate (1) with a major portion (d) of its depth (D). As a result of this, the lasers (11, 12) of the array show 
a surprisingly low crosstalk. Preferably, the portion (d) of the groove (20) situated in the substrate (1) is at least 3 
urn deep. The best results are obtained with depths (d) of approximately 10 up to at most 40 urn. In a very 
favourable embodiment, the device is provided at the upper side with a comparatively thick electrically and 
thermally well-conducting layer. In a preferred embodiment, the groove (20) is formed by reactive ion etching so 
that the groove (20) can be narrow and deep and the lasers (11, 12) will lie close together. A plasma comprising 
SiCU, Ar and CH* forms a particularly suitable etchant for lasers (11, 12) in the InGaP/lnAIGaP material system. 
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The invention relates to an optoelectronic semiconductor device comprising an array of at least a first 
and a second semiconductor diode laser - often referred to as laser for short hereinafter - with a 
semiconductor body which comprises a semiconductor substrate of a first conductivity type on which a 
semiconductor layer structure is situated which comprises at least in that order: a first cladding layer of the 

5 first conductivity type, an active layer in which a first and a second active region of the first and the second 
laser, respectively, are present, and a second cladding layer of a second conductivity type opposed to the 
first, the first and the second cladding layer being provided with means for electrical connection of the first 
and the second laser which are mutually separated by a groove which extends from the surface of the 
semiconductor body down into the substrate. 

w Such a device is particularly suitable for use. for example, in a system for optical glass fibre 
communication in which the lasers of the array can act as radiation sources for two parallel glass fibres. The 
first laser of the array may be used for writing in an optical disc system while the second may be used for 
reading of the information. Such a device may also be advantageously used in a laser printer. Thanks to the 
presence of two lasers, a larger portion of a character to be printed can be pictured in a single line 

75 movement of the device than if the device were to contain only one laser. 

Such a device with radiation-emitting diodes is known from JP(A)2-1 22584 published in Patent 
Abstracts of Japan, vol. 14, no. 348 (E-957)[4291 ] on July 27th 1990. The device described therein 
comprises an array of three AIGaAs lasers on an n-type GaAs substrate which are separated from one 
another by a groove which extends from the surface of the semiconductor body down into the substrate. 

20 A disadvantage of the known device is that the lasers are not optimally separated from one another. 
When the device is used, crosstalk between two (adjoining) lasers is observed. This means that, when the 
voltage across one laser is raised so as to increase the current through and the optical power of this laser, it 
is observed that the optical power of an adjoining laser changes. This latter effect is undesirable in many 
applications. 

25 The present invention has for its object inter alia to provide an optoelectronic device with an array of 
lasers which does not have the said disadvantage, or at least to a much lesser degree, and in which no or 
at least much less crosstalk takes place between (adjoining) lasers during use than in the known device. 

According to the invention, an optoelectronic device of the kind mentioned in the opening paragraph is 
for this purpose characterized in that a major portion of the groove is situated within the substrate. It has 

30 been found that, when a major portion of the groove, by which is meant in practice at least approximately 
half the groove, is situated within the substrate, the crosstalk between adjoining lasers is considerably 
reduced during use of the device to a level which is acceptable for many applications, such as in a laser 
printer. 

The invention is based on the recognition that it is not sufficient to form the groove to beyond the pn 

35 junction, i.e. into the first cladding layer or into the substrate, in order to achieve a low crosstalk. It is true 
that two lasers are electrically separated in this manner, but too much crosstalk still remains. It has been 
found that the remaining crosstalk does not arise through optical interaction between (adjoining) lasers. It 
was surprisingly found that the remaining crosstalk in the known device is of an essentially thermal nature. 
This means that the temperature change which occurs in a laser when the setting thereof is changed results 

40 in a considerable temperature change of an adjoining laser, and thus in a change in the optical power 
generated in the latter laser. It has also been found that the groove must be so deep that the distance from 
the active layer to the bottom of the groove is at least approximately 4 urn when an appreciable decrease in 
the crosstalk is desired. It has also become apparent in this connection that no disadvantageous tempera- 
ture change, and thus no excessive drift in the adjustment occur in the laser whose setting is purposely 

45 changed in spite of the thermally insulating power of such a comparatively deep groove. This is an 
important advantage because the adjustment of each laser can take place quickly and in a stable manner as 
a result of this. Thanks to the low crosstalk, the adjustment of an adjoining laser also remains stable then. 

It is an important advantage of the device according to the invention, finally, that it can also be 
effectively used in the so-called "epi-up" mounting system. This means that the device is mounted with its 

50 substrate side on a carrier body or cooling body. "Epi-down" mounting is very complicated in the case of 
an array because of the necessary mutual electrical insulations of the lasers of the array. 

A favourable embodiment of a device according to the invention is characterized in that the portion of 
the groove situated within the substrate is at least approximately 3 urn deep. The usual thickness of the 
semiconductor layer structure in which the lasers are formed is approximately 3 to 4 urn. The active layer is 

55 then approximately 1 urn above the substrate. When the portion of the groove lying within the substrate is 
at least approximately 3 urn deep, the distance from the active layer and thus the distance from the active 
regions to the bottom of the groove is at least approximately 4 urn. It has been found with such a depth of 
the portion of the groove lying in the substrate that the crosstalk between adjoining lasers can decrease by 
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a maximum of approximately 10%, while the temperature of the laser whose power setting is changed, the 
so-called droop, becomes at most approximately 5% higher than if no or only a shallow groove were 
present. In a particularly favourable modification, the depth of the portion of the groove situated within the 
substrate is at least approximately 10 urn. In that case, the crosstalk may be up to 30% lower than in the 

5 case of no or only a shallow groove. The temperature rise of the laser whose emission power is purposely 
changed (droop) in this case is at most 10%. 

Preferably, the depth of the portion of the groove situated within the substrate is at most approximately 
40 um. With this depth, the maximum crosstalk is no more than 20% of the crosstalk in the absence of a 
groove or with a shallow groove. The temperature rise of the laser whose setting is changed is at most 

10 approximately 20% higher with such a groove depth than that in the absence of a groove or with a groove 
of small depth. So the advantage in the form of a further reduction in crosstalk becomes increasingly 
smaller with greater groove depths, while the disadvantage of the progressive temperature rise of the 
switched laser becomes greater. 

In favourable modifications, the distance between the first active region and the second active region is 

75 approximately 15 to 50 um. The invention offers the greatest advantages, i.e. the lowest crosstalk, in the 
case of a small distance between the active regions. Distances smaller than approximately 15 um are less 
suitable on practical grounds, such as the manufacturing possibilities. Preferably, the groove is as narrow as 
possible. Preferably, the groove width lies between approximately 5 um and a width which is approximately 
10 um smaller than the distance between the active regions. The distance from an active region to the wall 

20 of the groove must be at least 2 um, while also the necessary dimensional tolerances inherent in 
manufacture restrict the minimum groove width. 

A minimum distance between the active regions has a very favourable effect on the crosstalk and an 
unfavourable effect on the droop. A minimum width of the groove has an unfavourable effect on the 
crosstalk an a very favourable effect on the droop. Optimum properties are found for a comparatively small 

25 distance between the active regions and a comparatively small groove width. 

A preferred embodiment of the device according to the invention is characterized in that the groove is 
formed by means of reactive ion etching. The grooves thus obtained can be narrow, deep - for example, a 
few tens of micrometers deep - and steep. As a result, the active regions of the device according to the 
invention can lie as close together as possible. This is highly desirable for many applications but it is also 

30 true - as noted above - that the advantage of a comparatively deep groove is greatest then. 

In a further modification, a current-blocking layer is present below the first cladding layer or on the 
second cladding layer, which current-blocking layer is interrupted at the areas of the active regions. This 
modification comprises lasers of the gain-guided type as well as of the index-guided type. In the former 
case, the two cladding lasers are comparatively thick (approximately 0.8 um thick), in the latter case the 

35 portion of a cladding layer adjoining the blocking layer is comparatively thin (approximately 0.2 to 0.4 um), 
while said cladding layer widens out into the recess of the blocking layer to achieve a great thickness 
(approximately 0.8 um thick). InGaP/lnAIGaP forms a very suitable material system for a device according 
to the invention because the wavelength of the laser emission then lies approximately between 700 and 600 
nm. This wavelength range is very suitable for application of the device in, for example, laser printers. 

40 In a very favourable embodiment, the surface of the semiconductor body is provided with a compara- 
tively thick, preferably 2 to 6 um thick, electrically and thermally well-conducting layer, such as a metal 
layer. Such a well-conducting layer has a favourable influence on the crosstalk: a reduction in the crosstalk 
by approximately 30% was observed in the case of a 3 um thick gold layer. The temperature rise of a laser 
whose adjustment is changed is reduced thereby: a reduction of approximately 25% in this temperature rise 

45 was observed compared with the situation without a thick conducting layer. This implies that the optimum 
groove depth shifts to higher values, whereby the crosstalk may be reduced still further. This embodiment, 
furthermore, is particularly suitable for the epi-up mounting system referred to above. 

In a method of manufacturing a device according to the invention, the desired groove in the device is 
formed to such a depth that the major portion of the groove lies within the substrate. Devices according to 

so the invention are obtained in a simple manner thereby, for example, through etching. Preferably, the 
grooves are formed by means of reactive ion etching. Very narrow, steep and deep grooves can be 
manufactured thereby, with which particularly favourable devices according to the invention are obtained. In 
a preferred embodiment, the plasma used in the reactive ion etching process is generated in a gas mixture 
which comprises SiCU, Ar and CH 4 , preferably 25 to 30 vol. % SiCU and 20 to 25 vol. % CH 4 . Deep and 

55 steep grooves can be etched very well with such a plasma into a layer structure of GaAs and InAlGaP. 
Such a layer structure forms part of lasers formed in the InGaP/lnAIGaP material system. 

The invention will now be explained in more detail with reference to an embodiment and the 
accompanying drawing, in which 
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Fig. 1 is a cross-section of an embodiment of a device comprising an array of semiconductor diode 
lasers according to the invention; 

Figs. 2 to 5 show the device of Fig. 1 in consecutive stages of manufacture by a method according to 
the invention. 

5 The Figures are diagrammatic and not drawn to scale, while in particular the dimensions in the 
thickness direction are exaggerated for greater clarity. Corresponding parts in the various examples are 
generally given the same reference numerals. Semiconductor regions of the same conductivity type are 
hatched in the same direction as a rule. 

Fig. 1 shows in cross-section a first embodiment of a device according to the invention, here with an 

w array of two lasers 11,12 and with a semiconductor body 10. The cross-section is taken perpendicular to 
the longitudinal direction of the resonance cavity of the laser. The semiconductor body 10 comprises a 
substrate 1 of a first, here the n-conductivity type which is provided with a connection conductor 9 and 
which in this example consists of monocrystalline gallium arsenide. On this body is provided a semiconduc- 
tor layer structure which comprises inter alia: a buffer layer 15 of n-AIGaAs, a first cladding layer 2 of n- 

75 InAIGaP, an active layer 3 of InGaP, a second cladding layer 4 of p-lnAIGaP which here comprises portions 
4A, 4B which are mutually separated by a thin etching stopper layer 16 of InGaP. Within the active layer 3 
there are a first active region 31 and a second active region 32 which correspond to the first laser 1 1 and 
the second laser 12, respectively. The means for electrical connection of the lasers 11, 12 further comprise 
a thin InGaP intermediate layer 5, a first p-type GaAs contact layer 6, a second p-type GaAs contact layer 

20 7, and a connection conductor 8. The lasers 11, 12 are separated from one another by a groove 20 which 
extends from the surface 13 of the semiconductor body 10 down into the substrate 1. According to the 
invention, the device is characterized in that the groove 20 is situated with a major portion d, here 
approximately half, of its depth D within the substrate 1. The groove 20 in this example has a depth D of 
approximately 7 urn, while the portion d thereof situated within the substrate 1 has a depth of approximately 

25 4 n. The semiconductor layer structure is approximately 3 urn thick here, as is often the case in practice. A 
groove 20 extending down into the substrate 1 achieves a sufficient electrical separation between the lasers 
11, 12 and thus reduces the crosstalk between the lasers 11, 12. This crosstalk, however, is found to be 
dominated by thermal crosstalk. It was found that a groove according to the invention results in a very small 
crosstalk between the first 11 and the second 12 semiconductor diode laser. The crosstalk of the device of 

30 the present example is found to be lower than 4%. It is also surprisingly found that the insulating effect of a 
groove 20 according to the invention still has a fully acceptable influence on the adjustment characteristics 
of the two lasers 11,12 themselves. A very attractive reduction in the crosstalk occurs when the portion d of 
the groove 20 situated within the substrate 1 is greater than approximately 10 urn. Also with such a groove, 
substantially no adverse influence on the adjustment characteristics of the lasers 11, 12 takes place. Such 

35 an adverse influence only occurs when the portion d of the groove 20 situated within the substrate 1 
becomes greater than approximately 40 urn. The distance between the active regions 31, 32 is approxi- 
mately 25 urn here and the width of the groove 20 is approximately 10 urn. The groove 20 is formed by 
means of reactive ion etching here. As a result of this, the groove 20 can be not only deep - approximately 
7 urn here - but also narrow, and the distance between the active regions 31, 32 may be as small as 

40 possible, which is highly desirable. 

On the second cladding layer 4, at least on the portion 4A thereof, a current-blocking layer 14 is 
present here, which comprises n-GaAs in this case and which is interrupted at the areas of the active 
regions 31, 32. Owing to the fact that the portion 4A of the second cladding layer 4 is thin, approximately 
0.2 urn here, and the fact that the portion 4B of the second cladding layer 4 bulges out into the 

45 interruptions of the blocking layer 14 at the areas of the active regions 31, 32, the lasers 11, 12 of the 
device in this example are of the index-guided type. The width of the active regions 31, 32 is substantially 
defined by the width of the portions 4B of the second cladding layer 4, which are approximately 4 urn wide 
here. The materials chosen in this example for the various semiconductor layers were chosen from the 
InGaP/lnAIGaP material system, so that the device is particularly suitable for use inter alia in a laser printer. 

so In this example, a comparatively thick metal layer 18, here an approximately 3 urn thick Au layer, is 
provided on the connection conductor 8, so that the lasers 11, 12 are better cooled at the upper side. The 
said adverse effect of a deep groove 20 on the adjustment characteristic of each of the lasers 11, 12 is 
limited by this. Such a metal layer has practically no adverse influence on the crosstalk between the lasers 
11, 12. The etching stopper layer 16 situated between the portions 4A and 4B of the second cladding layer 

55 has a small thickness, approximately 10 nm in this case, and comprises InGaP with an indium content of 
approximately 40 at. %. The InGaP intermediate layer 6 splits up the step in the bandgap between the 
second cladding layer 4 and the contact layers 6 and 7, which promotes a good current-voltage 
characteristic of the lasers 11, 12. The lasers 11, 12 are provided with electrical connections (not shown in 
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the Figures) which are separate at the upper side and shared at the substrate side. 

The conducting layer 9 here is a layer comprising gold, germanium and nickel with a thickness of 
approximately 0.1 urn, the conducting layer 8 in this example comprises a platinum, a tantalum, and a gold 
layer with thicknesses of approximately 0.1, approximately 0.05, and approximately 0.25 urn, respectively. 
The metal layer 8 is an approximately 3 urn thick electrolytically applied Au layer. The following 
compositions, dopings, and thicknesses were used for the various semiconductor layers in the present 
example, in as far as they have not been mentioned earlier. 



Layer 


Semiconductor 


Type 


Doping-concentr [at/cm 3 ] 


Thickness [urn] 


Bandgap (bulk) [eV] 


1 


GaAs (substrate) 


N 


2x10 18 


150 


1,4 


15 


Alo.2Gao.8As 


N 


2x10 18 


0,1 


1,7 


2 


lno.50Alo.35Gao.15P 


N 


5x1 0 17 


0,8 


2,2 


3 


lno.49Gao.5tP 






0,1 


1,9 


4A 


lno.50Alo.35Gao.15P 


P 


3x1 0 17 


0,2 


2,2 


16 


lno,4oGao,6oP 


P 


1x10 18 


0,01 


2,1 


4B 


' n O,5oAlo,35Gao,15P 


P 


3x1 0 17 


0,8 


2,2 


5 


lno.49Gao.51P 


P 


1x10 18 


0,01 


1,9 


6 


GaAs 


P 


2x1 0 18 


0,1 


1,4 


7 


GaAs 


P 


2x1 0 18 


0,5 


1,4 


14 


GaAs 


N 


2x1 0 18 


0,5 


1,4 
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Figs. 2 to 5 show the device of Fig. 1 in consecutive stages of manufacture by a method according to 
the invention. The method starts (see Fig. 2) with a (001) substrate 1 of monocrystalline n-type gallium 
arsenide. After polishing and etching of the surface having the (001) orientation, the following semiconductor 
layer structure is provided thereon in the present example from the gas phase by means of MOVPE ( = 
Metal Organic Vapour Phase Epitaxy) and at a growing temperature of 760 *C: first a buffer layer 15 of 
AIGaAs. Then a first cladding layer 2 of InAIGaP, an active layer 3 of InGaP, a first portion 4A of a second 
cladding layer 4 of InAIGaP, an etching stopper layer 16 of InGaP, a second portion 4B of the second 
cladding layer 4, an intermediate layer 5 of InGaP, and a first contact layer 6 of GaAs. For the choice of 
composition, conductivity type, doping concentration, thickness, and bandgap of the semiconductor layers 
the reader is referred to the Table included above and the description of Fig. 1. After the structure has been 
removed from the growing apparatus, a 0.1 urn thick insulating layer 14 of silicon dioxide is provided 
thereon, for example, by sputtering. Two strips 40 are formed therein by photolithography and etching with 
a width of approximately 5 urn, an interspacing of approximately 25 urn, and with a longitudinal axis 
perpendicular to the plane of drawing of Fig. 2. 

After this (see Fig. 3) the portions of the contact layer 6, the intermediate layer 5 and the portion 4B of 
the second cladding layer situated outside the masks 40 are removed by etching with suitable etchants, 
after which the etching stopper layer 16 becomes active as such. After cleaning of the structure, it is 
returned to the growing apparatus and a blocking GaAs layer is selectively provided on either side of the 
masks 40. After removal from the growing apparatus, the masks 40 are removed and the device is put in 
the growing apparatus again where a second GaAs contact layer 7 is provided (see Fig. 4). After removal 
from the growing apparatus and cleaning of the device, the conducting layers 8 and 9 are provided, for 
example, by sputtering. A thick Au layer 18 is provided on the conducting layer 8 by means of electrolytic 
deposition, and on that (see Fig. 5) a photoresist layer 50 is provided with a strip-shaped opening at the 
area of the groove 20 to be formed in the device. 

Then, according to the invention (see Fig. 1), a groove is formed, here by reactive ion etching, to such 
a depth that a major portion d of the depth D of the groove 20 is present within the substrate 1. The highly 
attractive optoelectronic devices according to the invention are obtained thereby after the device has been 
cleft in two places. A narrow and deep groove 20 may be readily formed by the use of reactive ion etching. 
In the example given, the reactive ion etching treatment preferably employs a gas mixture comprising SiCU, 
Ar and CH4, preferably 25 to 30 vol. % SiCU and 20 to 25 vol. % CH*. The desired groove 20 can be very 
well formed in this manner in the InGaP/lnAIGaP material system in which etching takes place through one 
or more layers comprising indium, such as the cladding layers 2, 4 in this case, the active layer 3, and the 
intermediate layer 5 above which one or several layers comprising GaAs are present, such as the contact 
layers 6 an 7 here. It is noted that etching of the groove 20 may also take place before the conductive 
layers 8, 9 and 18 are provided. 
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The invention is not limited to the embodiments given since many modifications and variations are 
possible to those skilled in the art within the scope of the invention. Thus different compositions of the 
chosen semiconductor materials or different thicknesses from those mentioned in the example may be 
used. In particular, the active layer may advantageously comprise a (multi)quantum well layer structure. The 

s device according to the invention may be advantageously formed in the GaAs/AIGaAs or InGaAsP/lnP 
material systems instead of in the InGaP/lnAIGaP material system. It is also possible to replace the 
conductivity types all (simultaneously) by their opposites. Alternative structures may also be used, possibly 
of a guiding type different from the gain-guided type. Lasers of the oxide stripe type are an example of this. 
It should finally be noted that the methods of providing the semiconductor layers in the embodiment may 

w be others than the MOVPE technology. Thus, instead of MOVPE, use may be made of MOMBE (= Metal 
Organic Molecular Beam Epitaxy), MBE (= Molecular Beam Epitaxy), VPE (= Vapour Phase Epitaxy) or 
LPE ( = Liquid Phase Epitaxy). 

Claims 

75 

1. An optoelectronic semiconductor device comprising an array of at least a first (11) and a second (12) 
semiconductor diode laser and with a semiconductor body (10) which comprises a semiconductor 
substrate (1) of a first conductivity type on which a semiconductor layer structure is situated which 
comprises at least in that order: a first cladding layer (2) of the first conductivity type, an active layer 

20 (3) in which a first (31) and a second (32) active region of the first (11) and the second (12) laser, 
respectively, are present, and a second cladding layer (4) of a second conductivity type opposed to the 
first, the first and the second cladding layer (2, 4) being provided with means (5, 6, 7, 8, 9) for electrical 
connection of the first (11) and the second (12) laser which are mutually separated by a groove (20) 
which extends from the surface (13) of the semiconductor body (10) down into the substrate (1), 

25 characterized in that the groove (20) is situated within the substrate (1) for a major portion (d) of its 
depth (D). 

2. An optoelectronic semiconductor device as claimed in Claim 1 , characterized in that the portion (d) of 
the groove (20) situated within the substrate (1 ) is at least approximately 3 urn deep. 

30 

3. An optoelectronic semiconductor device as claimed in Claim 1 or 2, characterized in that the portion (d) 
of the groove (20) situated within the substrate (1) is at least approximately 10 urn deep. 

4. An optoelectronic semiconductor device as claimed in Claim 1, 2 or 3, characterized in that the portion 
35 (d) of the groove (20) situated within the substrate (1) is at most approximately 40 urn deep. 

5. An optoelectronic device as claimed in Claim 1 , 2 or 3, characterized in that the distance from the first 

(31) to the second (32) active region is between approximately 15 and 50 um and is preferably as 
small as possible, and the width of the groove (20) lies between approximately 5 um and a width which 

40 is approximately 10 um smaller than the distance between the first (31) and second (32) active region 
and is preferably as small as possible. 

6. An optoelectronic semiconductor device as claimed in any one of the preceding Claims, characterized 
in that the groove (20) is formed by means of reactive ion etching. 

45 

7. An optoelectronic semiconductor device as claimed in any one of the preceding Claims, characterized 
in that a current-blocking layer (6) is present below the first cladding layer (2) or on the second 
cladding layer (4), which current-blocking layer is interrupted at the areas of the first (31) and second 

(32) active regions. 

50 

8. An optoelectronic semiconductor device as claimed in any one of the preceding Claims, characterized 
in that the cladding layers (2, 4) comprise InAIGaP, the active layer (3) comprises InGaP or InAIGaP, 
and the substrate (1) and a contact layer (6, 7) present on the second cladding layer (4) comprise 
GaAs. 

55 

9. An optoelectronic semiconductor device as claimed in any one of the preceding Claims, characterized 
in that the means (8) for electrical connection which are present on the surface (13) of the semiconduc- 
tor body (10) comprise a comparatively thick, preferably 2 to 6 um thick, metal layer (18). 

7 
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10. A method of manufacturing an optoelectronic semiconductor device which comprises an array of at 
least two semiconductor diode lasers, whereby a semiconductor body is formed in that on a 
semiconductor substrate a semiconductor layer structure is provided comprising in that order a first 
cladding layer (2) of a first conductivity type, an active layer (3) and a second cladding layer (4) of a 
second conductivity type opposed to the first, after which the cladding layers (2, 4) are provided with 
means (5, 6, 7, 8) for electrical connection and a groove is formed in the semiconductor body 
extending from the surface down into the substrate, while on either side of this groove a first and a 
second active region are formed in the active layer, characterized in that the groove is formed so deep 
that a major portion of the groove is situated within the substrate. 

11. A method as claimed in Claim 8, characterized in that the groove is formed by means of reactive ion 
etching. 

12. A method as claimed in Claim 9, characterized in that the plasma used in the reactive ion etching 
75 process is generated in a gas mixture which comprises SiCU, Ar and CH 4 , preferably 25 to 30 vol. % 

SiCU and 20 to 25 vol. % ChU. 
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